ALIGNMENT MARK AND EXPOSURE ALIGNMENT SYSTEM AND METHOD 

USING THE SAME 



Related Applications 

This application is a divisional of copending U.S. application serial number 
09/906,306, filed on July 16, 2.001, the contents of which are incorporated herein in their 
entirety by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an alignment mark and an alignment mark design 
method by which wafers are aligned to correspond with masks in an exposure aligning 
system. . ' 

2. Description of the Related Art 

Generally, semiconductor devices are fabricated by performing repeated and 
selective processes such as patterning, etching, diffusing, metal-deposition, etc., to form one 
or more circuit patterning layers on a wafer. The deposition of circuit patterning layers 
requires that previously formed circuit patterning layers be aligned accurately. 

In the alignment relationship of wafers, the alignment marks formed on exposure 
field regions EFn or scribe lines SCL of a wafer are illuminated by a light source and reflect 
diffracted light rays* The diffracted light rays fi:om the alignment marks are detected to 
generate a photoelectric signal which is used to detect the position of the wafer. The 
position state of the wafers is checked and the wafers are aligned by an alignment means to 
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meet predetermined reference positions to complete the alignment of the wafers. 

In such a conventional technique, the alignment marks shown in FIGS. lA to 2B, 
are used in a through the lens (TTL) type of field image alignment system in which a red 
color laser beam (633nm) is used, and are generally formed of patterns in which a plurality 
of unit marks are aligned at both sides of the reference position thereof. 

The unit maxk.of the alignment marks shown in FIG. 1 has a width of about 6 to 
8.5 and length (?) of about 30 to 40 in a rectangular form. The gap Q between the unit 
marks is in the range of kbout 6 to 8.5 to. which the width (t) of the unit mark is similar 
in the aligning direction of the plurality of unit marks. The pitch (P) is in the range of 
about 12-17 . 

If these alignrnent marks are;changed in form in the course of performing various 
process steps, or covered with process layers including metal layers, there is a problem that 
both sides of the unit mark are not in a symmetrical form (asymmetry), as shown in FIG. 
3. Such an asymmetrical form in the unit mark causes a" range of error (d) in the position 
detection as shown in FIG. 4, which shows a graph illustrating the relationship of detected 
positions to a signal waveform (contrast). 

In addition, the aforementioned unit mark has therein a dishing phenomenon by 
which its center position gets depressed compared with both end sides of the unit mark 
during a chemical mechanical polishing CMP process, as shown in FIG. 5 or 6. This 
phenomenon also causes the range of error (d') in the position detection of the alignment 
mark, as shown in FIG. 7, which shows a graph illustrating the relationship of the position 
detection by contrast. . - 

In an attempt to splve such problems, Korea Patent Application No. 10-2000-47405 
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discloses changing a conventional rectangular type of unit maxk alignment pattern to a 
matrix type in the ahgnment marks. However, such a technique cannot be performed on a 
conventional alignment system. In addition, there is a problem that accuracy in 
measurement of alignment position is low, and reUability in the position detection is also 
reduced because the position of the alignment' marks is measured by using a predetermined 
single wavelength of light that does not affect the sensitivity to light of photoresist. 

SUMMARY OF THE INVENTION 

in order to solve the aforementioned problems, an object of the present invention is 
to provide an alignment mark and an aligning method using the same, which can be 
implemented in a conventional alignment system; Each of the unit marks forming the 
alignment marks is further formed of a mesa or trench pattern therein so as to have 
detection signals of high order diffraction beams using different type wavelength beams, 
thereby resulting in more accurate alignment marks. 

In addition, another object of the present invention is to provide an alignment mark 
^ and an aligning method using the same . by which a dishing phenomenon and the resultant 
alignment error, occurring as a result of a chemical mechanical polishing process, can be 
prevented. 

In accordance with the invention, the alignment mark of the invention includes a 

plurality of mesa or trench type unit marks aligned in line and spaced apart from one 

another with a predetermined gap therebetween formed in an underUng layer to which a 

chemical mechanical polishing process is applied. Alignment signals are formed during an 
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alignment process. The unit maxk is made by aligning at least one or more mesa or trench 
patterns in order to prevent a dishing phenomenon during a chemical mechanical polishing 
process. 

The mesa patterns can be formed with a predetermined pitch within the trench 
type of unit mark, and the trench patterns can be formed with a predetermined pitch 
within the mesa type of unit mark. Alignment signals from each of the unit marks are 
formed by at least three or more diffraction beam orders. 

The mesa patterns or trench patterns can be parallel to the lengthwise direction of 
the unit mark and aligned, in a width direction of the unit mark, relative to the rectangular 
form of .unit mark having a predetermined length and width. 

The pattern pitch P' of the mesa or trench pattern is determined by the formula, 

P'=P/(2n'+l) (n': natural number), 

wherein Psin^=n*X, P: pitch between unit marks, X; wave length of laser beam, 6: 
diffraction angle, n': the number of mesa or trench patterns, n: diffraction order of unit 
mark, \': wave length of different laser beam for illuminating the mesa or trench patterns, 
2n'+l: diffraction order by the wave length X'of different lasers. 

In addition, in one embodiment, when the pitch P between the unit marks is in the 
range of 7.9 to 8.2 , the pattern width t' and pattern pitch P' of the mesa or trench 
patterns are formed in the range of 2.65 - 2.67 and in the range, of 5 - 5.4 , respectively, 
when the diffraction order 2n'+l is 3. The pattern width t' and pattern pitch P' of the 
mesa or trench patterns can be formed in the. range of 1.59 - 1.61 and in the range of 3.1 - 
3.3 , respectively, when the diffraction order 2n'+l is 5; The pattern width t* and pattern 
pitch P' of the mesa or trench patterns are formed in the range of 1.13 - 1.15 and in the 
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range of 2.27 - 2.29 , respectively, when the diffraction order 2n*+l is 7. 

In accordance with the aUgnment method according to the present invention, mesa 

or trench patterns are ahgned for forming a reverse image on each of mesa or trench type of 

unit marks. A first probing beam generating^means and a second probing generating 

means are provided for illuminating the unit marks. Each of the unit marks aligned with 

the first probing beam is illuminated to confirm contrast between each of the unit marks 

and non-marked portions. Each of -the unit marks is illuminated with the second probing 

beam to thereby confirm contrast between portions formed and portions not formed with 

the mesa or trench patterns. A mark center is determined by each of contrast values 
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measured through the first and- second probing beams. 

. In. one embodiment, the first probing beam is a red color laser beam having an 
approximete 633nm-wavelength band by which photoresist coating a wafer cannot be 
sensitized, and the second probing beam is a green color laser beam having a 532nm- - 
wavelength band by which photoresist coating a wafer cannot be sensitized. * 

The mark center position can be determined based on a maximum contrast value 
among the contrast values measured by illuminating the unit marks with the first probing 
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beam and by illuminating the mesa or trench pattern with the second probing beam. 
Alternatively, the mark center position can be determined based on an average contrast 
value measured by illuminating the unit marks with the first probing beam and by 
illuniinating the mesa or trench pattern with the second probing beam. In another 
alternative embodiment, the mark center position can be determined based on only the 
maximum contrast value measured by illuminating the mesa or trench pattern with the 
second probing beam, or determined based on only the average contrast value measured by 
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illuminating the mesa or trench pattern with the second probing beam. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, aspects and advantages will be better understood 
from the following detailed description of preferred embodiments of the present invention 
with reference to the drawings. ' " * 

FIGS. lA through 2B are perspective views showing examples of conventional 

alignment marks. 

FIG. 3 is a cross-sectional view of width direction of the unit mark shown in FIGS. 
1 A through 2B. 

FIG. 4 is a graph illustrating the relationship of error range and contrast according 
to the unit mark type. 

FIG. 5 is a cross-sectional view of length direction of the unit mark shown in FIGS. 
lA through 2B, after a CMP process. 

FIG, 6 is a cross-sectional view of width direction, of the unit mark shown in FIGS 
lA through 2B, after a CMP process. 

FIG. 7 is a graph illustrating the relationship of error range and contrast according 
to the unit mark form. 

FIGS. 8 A through 9B are perspective views showing examples of align marks 
according to the present invention. 

FIGS lOA through IOC are graphs showing the relationship of various diffraction 
orders and contrasts diffracted from the mesa type of unit mark, resulting from the 
illumination of the first and second probing beams, according to the present invention, 
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FIGS. 11 A through llC axe graphs showing the relationship of various diffraction 
orders and contrasts diffracted from the trench type of unit mark, as a result of the 
illumination of the first and second probing beams according to the present invention. 

FIGS. 12A through 14B are graphs showing the range of detection error by the first 
probing beam to unit marks, the range of detection error by the second probing beam to 
mesa or trench patterns which result in subdividing into a plurality of diffraction orders in 
unit marks, and the 'meiasurement value for aUgnments according to each of embodiments. 

DETAILED DISCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the alignment mark, alignment system, and the alignment method of 
the invention will be described with reference to the accompany drawings according to 
preferred embodiments of the invention. 

As shown in FIGD 8A through 9B, the alignment marks according to the present*, 
invention are comprised of a plurality of mesa or trench type of unit marks formed on an 
underlying layer of a- layer to which a chemical mechanical polishing process is applied, 
that is, on a semiconductor substrate or insulating layer, thereby being aligned with a 
predetermined gap therebetween. 

The type and alignment of each of ' the unit marks serve to form alignment signals 
by diffracting each of the different wavelength beamis from the. exposure alignment system. 

The exposure alignment system for illuminating the alignment marks according to 
the present invention is provided therein with a Ught source comprised of at least two or 
more light beam sources including, iii one particular embodiment, a 633nm wavelength 
type beam source and a 532nm wavelength type beam source which can be selected to . 

1 

SAM-224DIV 



illuminate the alignment marks. 

The Ught provided from the light source may be indicated as laser beams. 
Hereinafter, the red color beam of 633nm wavelength will be referred to as a "first probing 
beam" and the green color beam of 532nm wavelength will be referred to as a "second 
probing beam". ^ 

As shown in FIGS. 8 A through 9B the alignment marks are formed such that at 
least one or more mesa patterns M or trench patterns T are aligned within each of the unit 
marks, spaced apart from one another.. As a result, a dishing phenomenon can be prevented 
during a chemical mechanical polishing process. 

The mesa pattern M,'as shown in FIG. 8B and 9B, is formed in a reverse image to^ 
the trench type of unit mark with a predetermined pitch P'. The trench pattern T, as 
shown in FIG. 8 A and 9 A, is fornied in a reverse image to the mesa type of uiiit mark with 
a predetermined pitch P'. The patterns serve to divide alignment signals from each of the 
uiiit marks into at least three or more diffraction, orders (2n'+l). . 

When each of the unit marks is a rectangular form having k predetermined length 
and width, the mesa patterns M or trench patterns T, as shown in FIGS. 8A through 9B, 
are parallel to the length direction of the unit mark in its length and aligned in a direction 
of the width of the unit mark. 

The pattern pitch P' of the mesa or trench pattern is determined by the formula, 
P'=P/(2n'+l)±0.05 (n*: natural number), 

wherein Psin^=nX, P: pitch between unit marks, X: wavelength of laser beam, 6: 
diffiractiori angle, n': the number of mesa or trench patterns, n: diffiraction order of unit 
mark, X*: wavelength of the second probing beam for illuminating the mesa or trench 
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patterns, 2n'+l: diffraction order by the wavelength X*of different lasers. 

In addition, when the pitch P between the unit marks is in the range of 7.9 to 8.2 , 
the pattern width t* and pattern pitch P* of the mesa pattern M or trench pattern T are 
formed in the range of 2.65 - 2.67 and in the range of 5 - 5.4 , respectively, in case that 
the diffraction order 2n'+l is 3; the pattern width t' and pattern pitch P* of the mesa or 
trench patterns are formed in the range of 1,59 - 1.61 and in the range of 3.1 - 3.3 , 
respectively, in case that the" diffraction order 2n'+l is 5; and the pattern width t' and 
pattern pitch P' of the mesa or treiich patterns are formed in the range of 1.13 - 1.15 and 
in the range of 2.27 - 2.29 , respectively, in case that the diffraction order 2n*+l. is 7: 

Accordingly, if each of the unit marks as shown in FIG. 8 A through 9Bis 
illuminated with the first probing beam, each of the contrast values is detected as shown in 
the graphs of FIGS. 10 to IOC. In addition, if each of the unit marks is illuminated with 
the second probing beani, each of the contrast values of the mesa pattern M or trench 
pattern T can be detected as shown in the graphs of FIGS. IIA to llC, 

The prociesses of aligning wafers W with reference to such alignment marks in 
accordance with an embodiment of the invention will now be described in detail with 
reference to the drawings. The alignment marks are formed by at least one or more uiiit 
marks being aligned on predetermined portions of the wafers W, that is, oil the 
predetermined field regions EFn or on the scribe line SCL. The alignment marks are 
illuminated with the first probing beam, and accordingly the contrasts as shown in FIGS.. 
lOA through IOC are formed by the first probing beam diffracted^from each of the unit 
marks. The mark center can be determined based on the maximum value selected from the 
contrast values and can also be determined by an average value of each of the unit mark 
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center positions detected by those contrasts. 

Therefore, the detection of the positions of the unit marks and the mark center 
detected by the illumination of the first probing beam can be performed for support of the 
conventional alignment system that is not provided with a light source for generating a 
different wavelength beam, i.e., the second probing beam. 

Next, the mesa pattern M or trench pattern T in each of the unit marks is 
illuminated with the second probing beam. Accordingly, the contrasts diffracted from each 
of the mesa pattern M or trench pattern T are formed. As a result, the mark center can be 
determined based on the maximum value selected from the contrast values and can also be 
determined by an average value of the unit mark center positions detected by those 
contrasts. 

The mark center can be determined based on the maximum value selected from the 
contrast obtained by the second probing beam illuminating the mesa pattern M or the 
trench pattern T and the contrast obtained by the first probing beam illuminating the unit 
marks 22a, 22b, 22c, 22d. Alternatively, the mark center can also be determined based on 
an average value of the mark center positions' indicated by each of the contrasts. 

Among these relationship, it. is desirable that the mark center be determined based 
oh the maximum value selected from the contrasts obtained by the second probing beam 
illuminating the mesa pattern M or the trench pattern T which are formed in each of the 
unit marks. Or, it is desirable that the mark center be determined based on an average 
value of the mark center positions indicated by each of the contrasts. 

FIGS. 12A through 14B indicate that using the diffraction order 2n'+l diffiracted 
from the mesa pattern M or trench pattern T results in more accurate detection than 
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detecting the position by using the first probing beam, 

FIG. 12A shows the detection error of the wafer aligning position in X axis, Y axis, 
and rotation direction when a 633nm red color laser beam (first probing beam) is used for 
illuminating the conventional unit marks. FIG. 12B shows the detection error of the wafer 
aligning position in X axis, Y axis, and rotation direction when a 532nni green color laser 
beam (second probing beam) is used for illuminating the conventional unit marks. 

Comparison of these results indicates that the more the number of the unit marks 
(diffraction order) increase, the more the error range in detection of the wafer aUgnment 
position decreases. This result can be confirmed by. the following Fourier transform 
formula. 

Formula: 

f(x)=(4/7r)sin(x-a)+(4/37r)sin(3x)+(4/57r)sin(5x)+(4/77r)sin(7x)+;.. 
x : distance of mark center, a : measurement error 

However, as explained iii the description 6f the conventional related art shown in 
FIG. 3 or 5, in case that each of the unit marks is detected in a distorted state of the 
shape, it is not reliable to depend on the detected position because the detection error to 
each of the unit marks is large in range. 

In contrast, the detection by the second probing beam, which has a wavelength 
shorter than the first probing beam, is affected by the number of the linit marks according 
to the Fourier transform formula above, similar to the detection by the first probing beam. 
In addition, the detection by the second probing beani has a more reliable result than the 
detection by the second probing beam because the resultant error of the first probing beam 
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is within a predetermined range. 

FIG. 13A shows a detection error obtained by using the first probing beam 
according to each of the diffraction orders in case that a mesa pattern M or trench pattern 
T is formed in a unit mark, which indicates that since the diffraction order is divided in 
more detail by the mesa pattern M or trench pattern T, the resultant detection error to the 
patterns formed in the unit mark is more rehable than the detection error to the 
conventional unit mark itself. 

. Such a mesa pattern M or trench pattern T serves to decrease damage of the mark 
shape caused by a CMP process due to density of the patterns, thereby resulting in more 
accurate detection result. ' 

The detection error shown in FIG. 13B is obtained by illuminating a unit mark, in 
which a mesa pattern M or trench pattern T is formed, with the second probing beana. The 
pattern pitch P* of the mesa pattern M or trench pattern T is formed according to the 
formula P'=P/(2n*+l)i which results from wavelength of the second probing beam, thereby 
■ reducing the range of the detection error compared with the conventional detecting 
method. 

FIGs. 14A and.l4B are graphs showing the distribution of the mark positions 
detected by the first probing beam according to the conventional art and the distribution 
of the mark positions detected by the second probing beam according to the present 
invention, by which detection reliability in the alignment position detection can be 
compared. ' ; 

It is important to note that since the gap q between the patterns is very short, the 
edge portion of the unit mark formed with mesa or trench pattern therein may be damaged 
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when the gap is filled with metal etc., thus, the relationship between the gap q, width t', 
density, that is, pattern pitch P' etc. should be considered. 

The most desirable gaps between the mesa^ pattern M or trench pattern T, that is, 
width t' and pattern pitch of the mesa pattern M or trench pattern T, which are nearly 
similar to the gap in the size, axe formed in the range of about 1.13 to 1.15 and about 2.27 
to 2.29 , respectively, to prevent the gaps fi:om being filled with any processing layers and 
to meet the required density by a CMP process. 

It may be proposed that a light source of the first probing beam for illuminating, 
each of the unit' marks and a light source of the second probing beam for illuminating the . 
mesa pattern M or trench pattern T are separately provided in the alignment system. 

In addition, an optical filter may be provided on the optical path of the light source 
to pass only a selected wavelength of the first probing beam and another optical filter may 
be provided on an optical path of the light , source of the second probing beam to pass only 
a selected wavelength of the second probing beam. 

According to the present invention, since a. predetermined wavelength and another 
different wavelength beams can be selected to illuminate the mesa or trench pattern formed 
within each of the unit marks in the alignment system j the alignment system cah be . 
compatible with the conventional alignment system. Andy using such two type different 
wavelength beams results in higher order diffraction beanis diffracted from the alignment 
such as mesa or trench pattern, thereby allowing to align mpre accuraitely by selecting one 
among several different alignment mark types. 

The formation of the mesa or trench pattern in the unit mark serves to prevent a 
dishing phenomenon and allows detection of more accurate mark center position due to its 

13 

SAM-224DIV 



sufficiently close arrangement for preparing against the CMP process. 

While the present invention has been described in terms of preferred embodiments 
only, those skilled in the art will recognize that the invention can be practiced with 
modification within the sprit and scope of the appended claims. 
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